the not unusual response of an organ to increased demand upon its services. Such an enlargement cannot be regarded as being of any particular significance and is usually symptomless. It may well be of benefit to the patient unless the hypertrophy is so marked that mechanical obstruction to swallowing or respiration occurs. If, however, the progress continues, mechanical obstruction does occur, and the onset of infection converts a functional enlargement into a pathological hypertrophy. It is a common observation to find that one tonsil is considerably larger than the other and this enlargement is due to demands made upon its activities by an infection in the nose or nasal sinuses on that side.
Probably even more significant is the marked enlargement, after removal of tonsils and adenoids, of the remaining elements of Waldeyer's ring if an infection, present in the nose or sinuses, has not subsided or been cleared up by treatment. This enlargement of what were quite insignificant particles of lymphoid tissue, in an attempt to shoulder the responsibilities of that already removed, is a cause of many so-called tonsil remnants in children. In adults it usually appears as a band of fleshy lymphatic tissue behind the posterior pillars of the fauces, or as a marked enlargement of the lymphoid tissue in the base of the tongue.
These everyday clinical observations suggest that there is a very close relationship between the sinuses and the pharyngeal lymphatic tissue and that much of the lymphatic drainage from the sinuses is by surface mechanism rather than by lymphatic vessels. An attempt will be made in this paper to show how these things may occur and to indicate some of the functions which these organs may perform. The work referred to in this paper has been done on the more accessible members of these two systems: the antrum of Highmore and the pharyngeal tonsil, and it is to these that reference will generally be made.
Several functions of the nasal sinuses have been listed by StClair Thomson and Negus (Thomson, 1955) . Lightening the bones of the skull, acting as resonators, acting as insulators, or merely being areas over which the olfactory mucosa once spread, are the most likely. The production of secretion is the only one which is quite certain.
So far as the tonsils are concerned the list of possible functions is even longer; Logan Turner (1921), however, reduces the number to 4, which are:
(1) Production of lymphocytes.
(2) Phagocytosis by young polymorphs.
(3) Elimination in acute infection, the inflammation being secondary and not primary. (O'Malley, 1933 (O'Malley, , 1935 . This means that the air within the sinus is kept continually moving and as a result small samples of air continue to be offered to the sinus. Each sample of air taken in carries with it some of the organisms or particles which have escaped the protective mechanism of the nasal mucous membrane.
(2) In order that those foreign bodies which enter the sinus may not collect in that respiratory backwater like corks in slack water, an elaborate cleansing mechanism exists. This basically consists of a layer of mucus lining the whole of the sinus and kept in motion by ciliary action. The rate of flow is half to one centimetre per minute. The direction of the flow of this mucus is such that it is carried round and round the antrum in a spiral until it is twisted into a thread and evacuated through the ostium (Hilding, 1932) . This spiral action accounts for the tadpole-like appearance often seen in blobs of mucus which have been removed during an antrum wash-out.
(3) The fact that the sinuses are continually being ventilated by air carrying organisms, but on the whole remain remarkably free from infection, suggests that the mucus of a sinus contains some inhibiting substance, similar in character to the lysozyme found in tears (Fleming, 1929) . The mucus can be reinforced if necessary by leucocytes or other free cellular elements derived from the lining membrane.
(4) The mucus, having been evacuated by the cleansing mechanism of the sinus, enters the nasal cavity and follows well-defined paths leading backwards into the nasopharynx and at some point in its progress flows over the lymphatic tissue of Waldeyer's ring.
Certain factors interfere with the proper cleansing of a sinus. Local conditions include anatomical malformations, atrophy, congestion from infection or allergy, and the use of certain drugs (Proetz, 1934) .
General factors are of even greater importance. It can be shown experimentally that the ciliary activity of the sinus mucosa is slowed or weakened in an exhausted or debilitated subject and the character of the mucus may be changed so that it is too tenacious or too fluid to function properly (Lucas, 1932 (1) It has one surface covered with the epithelium of the tube or organ in which it is situated.
(2) It has efferent but no afferent lymphatic vessels. Lymphatic vessels drain from it, but none drains into it. (3) It develops only in areas which are likely to be exposed to surface sepsis; the tonsils, Peyer's patches, and the vermiform appendix being principal examples.
(4) Its development becomes much more marked when the region in which it is situated becomes exposed to infection. Thus the enormous appendix of the rabbit shows little development until the baby rabbit has stopped suckling and started to eat grass, and the tonsil of the child becomes enlarged during the first term at school.
(5) It is reputed to be immune to the lymphadenopathies such as Hodgkin's disease which may affect other glands (Clark, 1939) .
(6) In addition to these characteristics the pharyngeal tonsil is so cradled between the anterior and posterior pillars of the fauces that when the act of swallowing takes place the tonsil is squeezed into its bed. This is the reverse action to retching which presses the tonsil out of the bed and towards the mid-line. ' Anybody who has guillotined a tonsil will not doubt this powerful contracting force. It is possible to dissect a tonsil in an unrelaxed swallowing patient, in spite of the anmsthetist, but it is not possible to guillotine one.
The Movement of Mucus in the Nasopharynx To a lesser extent some form of pressure is exerted during swallowing on practically all the lymphatic tissue in Waldeyer's ring.
By the use of an indicator it is possible to discover the fate of some of the particles removed from the sinus by ciliary action.
In this investigation Indian ink was used as the indicator and work was done on the antrum only. Using a quantity of indicator as small as 0 5 ml., it was found that there was a great variation in time taken for the indicator to appear and also in the time it remained in the antrum. In some cases it was visible almost immediately and in others not for several hours. In one case there was no drainage for twenty-four hours and the ink continued to appear for four days. Twelve days after the injection the antrum was washed out and a large quantity of ink still remained inextricably mixed with mucopus.
It is possible that if a powder could be insufflated into an undisturbed antrum the time taken to appear would be considerably longer. It is obvious that the swilling out of the antrum with saline must disturb the mucus usually found there and probably produce an unusual degree of activity.
Phagocytosis Within the Antrum In 22 cases in which Indian ink was injected into the antrum, the antrum was subsequently washed out and the washings examined for traces of carbon particles. In 12 cases the wash-out was clear. In the remaining 10 cases some of the ink was found, and all these were subjected to microscopic examination. In 8 cases the carbon was merely mingled with the mucus, and if pus cells were present it was entirely extracellular. In 2 cases it was found that an active phagocytosis of the carbon particles had occurred and that much of the black material present was contained in cells so laden with pigment, shown in Fig. 1 , that it was difficult or impossible to identify the type.
This active phagocytosis by free cellular elements does not appear to depend on the quantity of ink in the antrum, nor on the length of time it has lain there. It appears from this that the stimulus to phagocytosis is not produced solely by the local reaction to the carbon particles. There is need for some factor affecting, presumably, the patient's general condition, to produce the necessary response. According to Lowndes Yates (1924) the trickles of mucus from the various sinuses were tributaries of one common stream which formed just below the eustachian tube. From there the stream flowed downwards, with an invariable side stream into the tonsil bed. He used 10 ml. of 0-4% solution of indocarmine and found that the dye usually appeared in two minutes. It would be unusual for such a large quantity of fluid to be found in an antrum. Compared with the centimetre per minute snail-pace ciliary action, 10 ml. of 04 % solution of indocarmine must be a raging torrent. The streams charted could well be the overflow of a blue river in spate rather than the course taken by the normal secretion of mucus.
If the stream of mucus which flows down to the nasopharynx is sufficiently slow it invariably enters the tonsil bed and flows over part of the tonsil. Assuming that the flow is coming from one side only, as soon as the subject swallows the particles of pigment are smeared over the tonsil, the lingual tonsil, the lymphatic patches on the posterior pharyngeal wall, and very often on to the tonsil on the other side. The excess is generally swallowed, but some may enter the larynx. The effect of the act of swallowing is to squeeze the ink on the surface of the tonsil deeper into the crypts and in such quantities that it can in many cases be seen there with the naked eye, and displayed hours or days later, under the microscope.
At this point of investigation there was no doubt that the particles of ink removed from an antrum by the stream of mucus are carried into the nasopharynx and some at least enter the tonsillar crypts. The presumption was that they would be taken up by the cellular elements of the tonsil or absorbed into it in some way.
Supplying a tonsil with Indian ink by re-filling the antrum every day for several days was not considered practicable. Therefore, one drop of ink was painted on the tonsil a few hours or days before tonsillectomy, and the tonsil examined and sectioned on removal. Numerous attempts to trace the ink coming from the antrum or applied to the surface of the tonsil any further than the crypts were met by failure.
Some 36 cases were examined without conclusive evidence of absorption of carbon particles into the tonsil. At times small specks of material suggestive of the carbon were seen apparently in the surface cells of the tonsil or in the subjacent cells. A carbon particle is a particularly difficult object to identify under the microscope. It appears brownish and is definitely refractile under high magnification. It was not possible to say with certainty that the absorption of particulate bodies by the cells had taken place. However, as phagocytosis in the antrum of carbon particles was known to occur only occasionally and under certain specific conditions which were unknown, the experiments were not abandoned, in the hope that one day the necessary specific conditions would in fact arise.
In the 37th tonsil these special conditions, whatever they may be, did arise, and it was possible to demonstrate, not once, but on other occasions, particles of carbon, not only in the crypts. but in the substance of the tonsils and in the actual cells (Fig. 2) . If a cell accepts carbon particles it accepts them in such a whole-hearted manner that the identity of the cell is almost completely blacked out.
If only one or two particles are seen, doubt may be held about their authenticity. Occasionally, however, cells are only partially filled with pigment and some attempt at identifying them may be made. Several cells are shown in Fig. 3 , some being possibly mast cells and others reticulo-endothelial cells.
In no section has there been any evidence that these particles enter the germ centres, which of course are the conglomeration of cells associated with the formation of new lymphocytes.
When pigment penetrates the tonsil it appears to do so at the bottom of the crypts where the cells lining the crypts become less differentiated than those of the surface of the tonsil. Having entered the tonsil the appearance of some of the sections suggests that the particles travel through the lymphatic sinuses and farther than that they have so far not been traced. It seems probable that the particles would eventually pass right through the tonsil and enter the efferent vessels.
Conclusions
(1) The normal lymphatic drainage of the sinuses is by means of a surface mechanism which enables the cleansings of the sinuses to be carried to the epithelial lymphatic system of Waldeyer's ring. It is probable that drainage into the deep lymphatics of the head and neck occurs only when the protective pellicle of mucus has been penetrated. It is possible that the crypts in the tonsils play the part of the afferent vessels of the lymphatic glands.
(2) Organisms presented to the epithelial-lymphatic system are either dead or in an inhibited state which enables them to be dealt with by the lymphatic tissue, without active infection arising. This would produce the ideal arrangement for absorption of organisms or their products into the body for the production of immunity.
